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Summary
Growth of Albizia lebbeck was observed in the polluted soils from towel, garment, 
rubber and ply board factories in the vicinity of Landhi and Korangi industrial ar-
eas of Karachi.  Growth of A. lebbeck was reduced in most of the industrial area soils 
as compared to the control soil from Karachi University campus.  Th e rubber facto-
ry soil reduced all the growth parameters as compared to the control soil. Percentage 
of soil pollutants (total soluble salts and available sulfate) in all of the industrial area 
soils was higher than in the control area soil.  Percentage of coarse sand, calcium car-
bonate, total soluble salts, available sulfate, and chromium was higher in soil of rub-
ber factory then in the control area soil whereas percentage of water holding capacity, 
organic matter and zinc was lower in soil from rubber factory than in the control area 
soil.  Th is showed that the soil of industrial areas of Landhi and Korangi particularly 
from rubber factory and ply board factory was contaminated by the pollutants in the 
area and drastically aff ected the plant growth. Th e fi ndings of this research could be 
helpful in monitoring and controlling the pollutant levels in soils of the industrial ar-
eas.  Such information could also be useful for landscaping and urban planning.
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Introduction
Environmental pollution is a constant threat to humanity. 
Numerous researchers have described the damages to vegeta-
tion caused by industrial effl  uents particularly to the crop plants 
(Camplin, 2001; Clemente et al., 2005; Davies and Linsey, 2001; 
Gren and Trett, 2000; Yasir 2003).  Iqbal and Qadir (1973) de-
termined the eff ect of industrial pollution on seed germination. 
Signifi cant reduction in seed germination, root and shoot length 
was observed in seeds collected from the polluted area as com-
pared to clean areas.  Relationship among the dominant species 
to the edaphic factors indicated that physical properties of soil 
such as soil strength, bulk density, texture and structure greatly 
infl uence the root penetration, growth and yield of various crops 
(Gerad et al., 1982).  Trace metals present in the environment 
are hazardous to ecological systems and also to human health 
and plant growth (Shafi q and Iqbal, 2005 a).  Zaman and Iqbal 
(1994) detected some heavy metals especially lead, copper and 
zinc in soil that was polluted from the effl  uents of the industrial 
areas. Karachi is an industrial city, as well there is automobile 
pollution in the surrounding of road side areas due to auto-ve-
hicles producing damaging and perilous contaminants like un-
burned and incompletely burned hydrocarbons, toxic carbon 
particles, black smoke due to incomplete combustion of fuel 
and tar materials, other elements and lead compounds by lubri-
cant oils and petrol that settled down on plant surface. Urban 
areas trees causing a sever limitation of plant able space and an 
conspicuously smashup growing environment like green sites, 
tress desolation, lands scape pressure, degradation of environ-
ment, congestion of traffi  c and air pollution and to accommo-
date cities progress which repress performance and reduction 
of life extent (Jehan and Iqbal, 1992; Webb, 1998). Plant growth 
and seed germination are greatly aff ected by abnormal meta-
bolic process due to contaminants of auto-exhaust (Türkan, 
1988; Mahmood and Iqbal, 1989; Qadir and Iqbal, 1991). Iqbal 
(1988) has investigated the amount of sulphur in soil and foli-
age of roadside areas and plantation. Diff erent types of indus-
tries including towel, garment, rubber and ply board are present 
in the industrial areas of Karachi.  Th ese industries discharge 
diff erent kinds of waste effl  uents and solid wastes that are pol-
luting the soil of nearby industries causing deleterious eff ects 
on the plants growing around the industrial areas.  In view of 
protecting the environment from the destructive and hazard-
ous role of industries in Karachi, it is imperative to investigate 
the eff ects of polluted soil of industrial areas on the vegetation 
prevalent in the area.
Albizia lebbeck (L.) Benth. is a leguminous tree in family 
Mimosaceae and it is cultivated around roadsides and industrial 
areas of Karachi.  Th e present study was aimed at determining 
the eff ect of polluted soil from industrial areas of Landhi and 
Korangi on the growth of A. lebbeck.
Materials and methods
Th e experiment was conducted in greenhouse under the 
uniform natural environmental conditions at the Department 
of Botany, University of Karachi. Healthy and uniform-sized 
seeds of A. lebbeck were collected from the plants growing at 
the University of Karachi.  Due to hard seed coat the seeds were 
slightly cut at one end for mechanical scarifi cation.  Seeds were 
sown at 1 cm depth in garden soil fi lled in large pots and irri-
gated daily.
Industrial soil was collected from the towel factory, garment 
factory, rubber factory and ply board factory located at Landhi 
and Korangi industrial areas of Karachi.  Actual names of the 
factories were deliberately omitted to protect the privacy of the 
industry.  In a preliminary study, it was observed that pure soils 
from all industrial areas of Landhi and Korangi hardly showed 
any response to seed germination and seedling growth.  Th e 
industrial area soil was therefore individually mixed with 50% 
garden soil containing one part manure + two parts fi ne sand. 
Seedlings of uniform-size were transplanted in pots (19.8 cm 
diam., 9.6 cm deep) fi lled with ameliorated industrial soil.  One 
seedling was grown in each pot and the plants were irrigated daily 
with tap water.  Soil from Karachi University campus served as a 
control.  Th ere were four replicates for each soil.  Th e experiment 
was completely randomized. Pots were reshuffl  ed every week to 
avoid light, shade or any other greenhouse eff ects.  Plants were 
carefully removed from the pots aft er fi ve weeks, washed thor-
oughly and growth parameters were recorded.  Dry weight of 
root, shoot and leaves was determined aft er drying in an oven 
at 80°C for 24 hours.  Root/shoot ratio, leaf weight ratio, specifi c 
leaf area and leaf area ratio were also calculated.
In another study, two soil samples were collected at 0-30 cm 
depths from various factories including soil samples from the 
control area.  Soil samples were stored in labeled polythene bags 
and brought to the laboratory.  Later the samples were air dried, 
lightly crushed and passed through a 2 mm sieve and kept in 
the laboratory for analysis.  Physical and mechanical analysis 
of soil was done following Dane (2002).  Coarse sand was de-
termined by sieve method using 0.05 mm sieve.  Soil organic 
matter was determined according to Jackson (1958).  Calcium 
carbonate concentration was determined via acid neutralization 
as described by Qadir et al. (1966).  Bower and Wilcox (1965) 
methodology was used to determine total soluble salts whereas 
soil pH was recorded via a direct pH-reading meter (MP 220 
pH Meter, Mettler, Toledo).  Available sulfate in soil was deter-
mined by turbidity method, using a colorimeter (Photoelectric 
Colorimeter AE-11M), as described by Iqbal (1988).  Heavy metals 
in the soils were analyzed by wet digestion of all the soils fol-
lowed by atomic absorption spectrophotometer (Perkin Elmer 
Model No. 3100). For this intention, in 50 ml beaker, one gram 
dried soil sample was used and added 5 ml concentrated per-
chloric acid (HClO4) + 5 ml concentrated nitric acid (HNO3), 
for digestion and aft er that heated at 90°C for 2½ hours. In the 
digested residue little amount of distilled water was added then 
Whatman fi lter paper No. 42 was used for fi ltration and made up 
to 50 ml solution volume using distilled water and 10 times di-
luted solution for copper, zinc and chromium analyses by atomic 
absorption spectrophotometer (Perkin Elmer Model No. 3100).
Statistically analysis of all data was also conducted by ANOVA 
(Steel and Torrie, 1984) and DMRT (Duncan, 1955) (p < 0.05) by 
personal computer soft ware packages Costat version 3.0.
Reduction in percentage of diff erent variables of A. lebbeck 
was determined in polluted factory soils as compared to the con-
trol soil from Karachi University campus.  Percentage reduction 
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in soil properties (coarse sand, water holding capacity, organic 
matter, calcium carbonate, total soluble salts, pH, available sul-
fate and copper, zinc and chromium) of various factory soils was 
determined in comparison with the control soil.  Percentage re-
duction in growth of A. lebbeck was correlated with percentage 
reduction of analyzed soil characters. 
Results and discussion
All the industrial soils reduced most of the growth variables 
of A. lebbeck as compared with the control area soil from Karachi 
University campus (Tables 1-2).  A. lebbeck is planted for orna-
mental purposes as well as sink for pollution in Karachi in the 
vicinity of polluted road sides and industrial areas (Iqbal and 
Rehman, 2005).  Industries are the major contributors to envi-
ronmental degradation in Karachi and Lahore (WHO/UNEP, 
1992).  Various kinds of industrial pollutants aff ecting the plants 
growth have been studied by some researchers (Iqbal and Khalid, 
1997; Habib and Iqbal, 1996).
Plants directly depend on the soil characteristics and condi-
tions necessary for their successful growth.  Th e plant growth 
was signifi cantly associated with coarse sand, water holding ca-
pacity of soil, pH, organic matter, calcium carbonate, total solu-
ble salts, and available soil sulfate.  Any increase and decrease 
in these soil characteristics showed a signifi cant impact on the 
plant growth.  Edaphic factors of Landhi and Korangi indus-
trial areas aff ected the plant growth of A. lebbeck.  Percentage 
of soil pollutants (total soluble salts and available sulfate) in all 
the industrial soils was higher relative to the control soil (Tables 
3-4).  High amount of available sulfate absorbed reduces the 
plant growth.  Sulphur is absorbed in the form of sulfate that is 
obtained from industrial emission of SO2 in excessive amount. 
It has been reported that exposure to constant concentration of 
SO2 caused notable and signifi cant reductions in the dry matter 
accumulation and yield of Lolium perenne L. cv. S23 (Ashenden 
and Mansfi eld, 1977; Bell et al., 1979).  High amount of avail-
able sulfate may reduce the growth of A. lebbeck from soils of 
industrial areas.  Th e growth of A. lebbeck was increased in soil 
of control area as compared with industrial area soils which 
may be due to low amount of total soluble salts and available 
sulfate in the control soil.  Sulfur is predominantly available to 
plants as sulfate in the soil and the sulfur demand is fulfi lled by 
its uptake through the roots (Herschbach, 2003; Herschbach et 
al., 2005). Control and industrial soils displayed to some extent 
basic pH value with slight variations which represent alkaline or 
saline nature of soil at the control and industrial polluted areas 
of Karachi. Some metals such as copper, cobalt, iron, molybde-
num, manganese, nickel and zinc are essential mineral nutrients 
(Shafi q and Iqbal, 2005a).  Plants have a natural propensity to 
take up these metals in low amount but higher levels are toxic to 
plant growth.  Higher amounts of copper were observed in soils 
of most of the industrial area soils than the control soil.  Higher 
levels of copper occur as a result of the anthropogenic release of 
heavy metals into the environment through mining, smelting, 
manufacturing, agricultural and waste disposal technologies 
(Yruela 2005).  Copper and ferric treatments greatly reduced the 
germination of A. lebbeck seeds, particularly at the higher con-
centrations (Iqbal and Rehman 2005).  Zinc was high in towel 
factory and garment factory soils which reduced the growth of A. 
lebbeck.  Th e metals like copper, zinc and chromium were high 
in the vicinity of industrial areas of Landhi and Korangi where 
they are emitted by industrial by-product.  Rehman et al. (2007) 
conducted a study of metals accumulation in plants of Leucaena 
leucocephala and reported high levels of iron, copper, zinc and 
chromium in L. leucocephala grown in soil of industrial areas 
and in Karachi University campus soil.  Th eir study showed that 
the soil of the industrial areas of Landhi and Korangi particu-
larly of rubber and ply board factories was contaminated by the 
existing pollution in the area.  Zinc is used in the industries for 
many purposes (Valee and Ulmer, 1990).  Kartal et al. (1993) 
reported that lead, cadmium and zinc pollution was very high, 
originating from the zinc ore used in the factory (Cinkur plant) in 
Kayseri, in Turkey.  Kashem and Singh (1999) conducted a study 
to investigate the heavy metal contamination of soil and vegeta-
tion in the vicinity of industries around Dhaka in Bangladesh. 
Th ey reported that plant concentrations of copper, manganese, 
lead and zinc were signifi cantly correlated with their total and 
extractable contents in soils.  Iqbal and Shafi q (1999) have re-
ported adverse eff ects of copper and zinc on seed germination 
and seedling growth of wheat.  Lower level of copper in Karachi 
University campus soil than in industrial areas soils increased 
the growth of A. lebbeck plants.
Th e rubber factory soil reduced all the growth parameters 
relative to the control area soil (Table 2).  Habib and Iqbal (1996) 
studied rubber factory effl  uents exhibited high magnitude of pol-
lution.  Many variables of A. lebbeck were reduced in the rubber 
factory soil due to decrease in water holding capacity, and or-
ganic matter and increased percentage of coarse sand, calcium 
carbonate, total soluble salts, available sulfate and chromium. 
Drought conditions appear as a consequence of the presence of 
high sand, low organic matter, loose soil structure, low irrigated 
water, high salinity and loose edaphic character.  Th ese char-
acteristics were also observed in rubber factory soil which may 
cause reduction in the growth of A. lebbeck.  Due to the colloi-
dal nature of the organic matter the water holding capacity of 
soil was consequently increased in plant communities that had 
a higher percentage of soil organic matter (Sultani et al., 2007). 
Th ese characters were observed in control area soil as compared 
with rubber factory soil. Iqbal and Rehman (2002) found that an 
increase in concentration of chromium suppressed the dry weight 
of L. leucocephala.  Sen et al. (1994) reported that the uptake of 
Cr (VI) by the plant gradually increased with increase in con-
centration of Cr (VI) in the tannery effl  uents.  Th e plants under 
stress conditions are most likely to be adversely aff ected by high 
level of heavy metals (Shafi q and Iqbal, 2005b).  Chromium is a 
toxic metal for plant growth and its higher level in soil caused 
growth reduction in A. lebbeck.
A. lebbeck is a sensitive tree to grow in industrial area soil 
particularly in rubber factory soil.  Maximum reduction in the 
growth of A. lebbeck was found in various soils of industrial 
areas of Landhi and Korangi as compared to other species in the 
vicinity of Karachi.  Tolerant plants should be selected to grow 
in Landhi and Korangi industrial areas of Karachi.  In other in-
dustrial area, tolerant tree species should be chosen according 
to the level of industrial pollution.  Th e fi ndings of this research 
could be helpful in monitoring and controlling the pollutant 
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levels in soils of the industrial areas.  Such information could 
also be useful for landscaping and urban planning.
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Cu Zn Cr 
A 58.6 7.4* 5.0* 65.7* 137.3* 7087.5* 1050.0* 13.8* 31.8 
B 19.0 14.8* 55.0 37.6* 35.68 1250* 300.0* 210.3* 30.3 
C 51.7* 37.0 45.0 105.1* 103.4* 4912.5* 0.0 34.5 13.7* 
D 55.2 48.1* 65.0* 1.7 52.5* 7500.0* 36.00* 89.7 76.9 
A = Towel factory soil; B = Garment factory soil; C = Rubber factory soil; D = Ply Board factory soil. Actual names of the factories were deliberately omitted to 
protect the privacy of the industry; Percentage increase = * 
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